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, 1999). In the chick em-
These features include the profile of transcription factor and neurotransmitter expression, the pathway of cell bryo, these two progenitor domains can be defined by the nested pattern of expression of the HD proteins body migration, and certain aspects of axonal trajectory. Thus, the spatially restricted expression of a single proDbx1 and Dbx2 (Pierani et al., 1999) . Cells in the dorsalmost (p0) progenitor domain, which map to the position genitor HD protein, Dbx1, helps to coordinate diverse phenotypic features that underlie interneuron identity of generation of V0 neurons, express both Dbx1 and Dbx2 (Pierani et al., 1999) . In contrast, cells in the adjaand function within the developing spinal cord. cent p1 progenitor domain, which correspond to the position of generation of V1 neurons, express Dbx2 but Results not Dbx1 (Pierani et al., 1999) . These findings raise the possibility that the differential expression of Dbx1 and Defining the Neuronal Progeny of Dbx1 ؉ Progenitors Dbx2 establishes the distinction in V0 and V1 neuronal identities.
To trace the identity of neurons that derive from Dbx1 ϩ progenitor cells, we introduced a LacZ marker gene into In this study, we provide genetic evidence in support of this idea, showing that the spatial restriction in Dbx1 the Dbx1 locus in mouse ES cells. An ‫4ف‬ kb region spanning exons 1 to 4 of the Dbx1 gene was replaced expression to the p0 progenitor domain has a critical role in establishing the distinct identities of V0 and V1 with a cassette composed of a nuclear-targeted ␤-galactosidase (nlsLacZ) pgk-neo minigene ( Figure 1A) . Reinterneurons. Misexpression of Dbx1 within the chick gous Dbx1 nlslacZ mice. At e10.0 to e10.5, the ventral contracted, such that LacZ ϩ cells were now more dorsally restricted than Dbx2 ϩ cells ( Figure 1K ). These findboundaries of LacZ and Dbx2 expression were overlapping ( Figures 1I and 1J) Figures 3A and 3B ). There was no change lateral and ventral positions (Figures 2A and 2C) coexpressed En1, both at spinal cord and hindbrain embryonic development. We first analyzed the migratory levels ( Figures 5D, 5E (Figembryos (Figures 5F and 5I Figures 2F and 2G) . We therefore examined the migratory route of spinal interneurons during guishable (Figures 6A-6F) . Thus, all LacZ high neurons, whether of dorsal (D5) or ventral (V0) origin, migrate fold increase in the total number of En1 ϩ /GABA ϩ neurons in the ventrolateral region of the spinal cord in along a common medioventral path and settle in a region adjacent to the floor plate (Figures 6M-6O) . The migrahomozygous Dbx1 nlslacZ embryos (Figures 8E and 8F ). In addition, some LacZ high neurons coexpressed both En1 tory path of LacZ high neurons appeared to follow closely the trajectory of commissural axons revealed by TAG-1 and GABA ( Figures 8D and 8G-8I) . Thus, in the absence of Dbx1, many neurons that derive from the Dbx1 proexpression (Figures 6J-6L) .
We next compared the migratory route of V1 neurons. genitor domain acquire the transcriptional and neurotransmitter profile of V1 neurons. At e10.5, V1 neurons migrated laterally to a position ventral to V0 neurons and just dorsal to the motor columns ( Figures 6A, 6G, and 6M) 
, 2001[this issue of Neuron]). tory path of interneurons by examining the number of LacZ high neurons that occupied the medial (V0-and D5-Thus, the axons of many V0 neurons extend along a contralateral-rostral trajectory. However, since F-dex lalike) and intermediate/lateral (V1-like) migratory streams at e11.5 and e12.5 (Figures 7A-7F). In heterozygous beling is only effective in marking neurons that have projected axons over distances Ͼ100 m in the rostral

Dbx1
nlslacZ embryos, all LacZ high neurons were located in the medial stream ( Figures 7A, 7C, 7E, 7G, 7I, and 7K) . plane, we cannot exclude that some V0 neurons extend axons for a shorter distance in the rostral plane. Over In contrast, in homozygous Dbx1 nlslacZ embryos, the number of LacZ high neurons in the medial migratory stream 90% of F-dex-labeled, LacZ high neurons also exhibited a contralateral-rostral trajectory (Figures 9D and 9E) . was reduced by ‫,%05ف‬ and the number in the intermediate/lateral streams increased to ‫%05ف‬ of total (Figures Minor (Ͻ5%) populations of LacZ high neurons with contralateral-caudal and ipsilateral-rostral projections 7B, 7F, 7H, and 7L). In homozygous Dbx1 nlslacZ embryos, LacZ high /En1 ϩ neurons were confined largely to the latwere, however, detected ( Figure 9E ). Together, these findings indicate that V0 and V1 neurons project axons eral migratory stream ( Figures 7D, 7J, and 7L) Figure 8C ). extended axons rostrally over the one to two segments characteristic of V1 neurons ( Figure 9F) . Thus, the switch In homozygous Dbx1 nlslacZ embryos, laterally located LacZ high neurons that expressed GABA were detected in transcription factor, neurotransmitter profile, and neuronal migratory pattern observed in Dbx1 nlslacZ mutant ( Figure 8D; data not shown) . Moreover, there was a 2.3- embryos is not accompanied by the acquisition of an arrows in Figure 10D ). In homozygous Dbx1 nlslacZ mutants examined at e11.0 and e12.5, no LacZ-labeled axons ipsilateral-rostral axonal trajectory characteristic of many En1 ϩ V1 neurons.
projected toward the floor plate ( Figures 10B and 10D) . Dbx1 domain-derived En1 ϩ neurons that expressed These F-dex labeling studies do not distinguish between two possible defects in the trajectory of Dbx1 high levels of nuclear and cytoplasmic LacZ were, however, observed to extend axons in the transverse plane domain-derived neurons in Dbx1 nlslacZ mutants. First, lateral LacZ high (V1-like) neurons that acquire En1 expres- (Figures 10E-10H ; data not shown), which appeared to enter the ventral funiculus ( Figure 10D) . Thus, the En1 ϩ sion might fail to send axons to the ventral midline. Alternatively, the axons of lateral LacZ high /En1 ϩ neurons (V1-like) neurons that derive from former p0 domain progenitors do not project to the floor plate in the absence might reach the midline but then fail to extend over long distances in the rostrocaudal plane. To distinguish these of Dbx1. These findings, together with results obtained from two possibilities, we generated mice carrying one copy of a cytoplasmic -lacZ marker inserted in the En1 locus F-dex labeling studies, indicate that, in Dbx1 nlsLacZ mutant mice, many Dbx1 domain-derived neurons lose their (En1 lacZ mice) (Saueressig et al., 1999) , in either heterozygous or homozygous Dbx1 nlslacZ mutant backgrounds. normal contralateral trajectory and acquire an ipsilateral trajectory but do not project rostrally over distances that In a heterozygous Dbx1 nlslacZ background, cytoplasmic somatic and axonal LacZ marks endogenous V1 neuare characteristic of wild-type V1 neurons. rons, and nuclear LacZ marks V0 and D5 neurons (Figures 10A and 10C) . In a homozygous Dbx1 nlslacZ backDiscussion ground, En1 ϩ neurons that derive from the Dbx1 progenitor domain now express both nuclear and cyto-
The control of motor output depends on the function of local circuit interneurons generated in the ventral spinal plasmic LacZ (neurons labeled yellow and marked by . Thus, in Dbx1 mutants, the transfated En1 ϩ neurons that derive from the former p0 domain would lack to reconcile with either the random choice or path saturation hypotheses, since it would require that the deciexpression of both Evx1 and R o and thus fail to project either contralaterally or rostrally ( Figure 11A ). In consion of V1 neurons to express En1 is secondary to the selection of a lateral migratory route, which is unlikely. trast, transfated En1 ϩ neurons in Evx1 mutants would retain R o expression and thus maintain their ability to A third and perhaps more likely explanation is that those LacZ high neurons that continue to migrate medially repreproject axons rostrally ( Figure 11B ). This model also invokes the existence of an additional progenitor detersent neurons that derive from the dorsal Dbx1 progenitor domain. In this case, the migration of these neurons minant that operates within the p1 progenitor domain to promote the rostral extension of V1 neurons (see may depend on dorsally restricted factors that function independently of Dbx1. Figure 11B ). This comparison of the axonal projection defects in The finding that two sets of interneurons that derive from adjacent ventral progenitor domains select radi- 
